The American Brook Lamprey has been well studied in Minnesota and Wisconsin (Cochran 1984; Cochran et al. 1993; Mundahl and Sagan 2005; Mundahl et al. 2006; Cochran 2008; Cochran et al. 2008) , and its spawning season in this region has been fairly well defined. In Wisconsin, Cochran (1984) observed spawning in Waukesha County on 25 April 1982, and Cochran et al. (1993) reported spawning in Rock County on 4 May 1984 and in Manitowoc County on 2 May 1988, 3 and 4 May 1989, and 6 May 1992. In Minnesota, Mundahl and Sagan (2005) observed spawning in southeastern Minnesota streams during the periods 25 April-11 May 1995 , 28 April-9 May 1996 , and 21-29 April 1997 . Water temperatures during spawning were reviewed by Cochran et al. (1993) ; although spawning has been reported over a wide range of temperatures (6.7°C-20.6°C), its onset most often occurs at a temperature of 10°C-15°C.
Methods

surveys
After initial observations of early spawning in Rush Creek (Root River drainage basin) in Winona County, additional surveys for spawning were conducted in the Upper Iowa River drainage basin in Mower County and in the Whitewater River drainage basin in Winona County (locations are detailed in Table 1 ). Surveys were conducted by wading through typical spawning habitat, including locations where American Brook Lampreys had been observed spawning in the past. In some cases, video-recordings of spawning were obtained.
A distinction was made between spawning groups and "stragglers." Stragglers, also referred to as "loners" (Mundahl and Sagan 2005) , are solitary adults present Early Spawning by the American Brook Lamprey (Lethenteron appendix) in Southeastern Minnesota in typical spawning habitat. Sometimes they are present early in the spawning season and may simply represent the first individuals to arrive in the spawning habitat. Sometimes they are present after spawning has peaked and may represent spent individuals that have not yet died. Thus, stragglers may introduce variability into data compiled for spawning groups.
2002-2010 data
Data on spawning by the American Brook Lamprey in Winona County during the period 2002-2010 were compiled from field notes recorded by PAC. These include observations made during the study by Cochran et al. (2008) of spawning behavior, as well as incidental records obtained during the course of other projects.
Because the American Brook Lamprey dies after spawning, the collection of living adult specimens at a given location during a fish survey indicates that spawning has not yet been completed at that site. Therefore, data on occurrence of adults in spring fish collections conducted by PAC in southeastern Minnesota and adjacent Iowa were also compiled.
Statistical comparisons between spawning data for 2012 and 2002-2010 were conducted by using t-tests. Each comparison was conducted with data for stragglers included and with data for stragglers excluded.
Historical data
American Brook Lampreys are typically noticed by members of the general public only during the spawning season, when they are especially likely to be encountered by trout fishers. A search for historical records of American Brook Lampreys in southeastern Minnesota and adjacent Wisconsin was conducted by taking advantage of the Winona Newspaper Project, a website that permits electronic searches of Winona newspapers published during the 19th and early 20th centuries (www.winona.edu/library/databases/winona newspaperproject.htm).
Results
surveys
Over 20 groups of American Brook Lampreys were observed spawning on 22 March in Rush Creek upstream from the more southern County Road 25 crossing. Water temperature was 14°C. A captured female spontaneously released eggs when handled, and a video-recording of a spawning group revealed typical mating behavior as well as attachment by multiple males to single females (Cochran et al. 2008) . No Ameri can Brook Lampreys were observed when the site was revisited on 27 March.
Spawning was in progress on 24 March when we surveyed the Upper Iowa River at the Mower County Road 12 crossing upstream from Leroy. Three spawning groups were observed, as well as four apparent nests with single spawners. Water temperature was 17°C.
In the Whitewater River drainage basin, observations were made in three streams: the North Branch Whitewater River, the South Branch Whitewater River, and Beaver Creek. In the North Branch Whitewater River upstream from Elba, no American Brook Lampreys were observed on 24 March (water temperature 12.5°C) or 27 March (water temperature 13.5°C), but one straggler was observed on a nest on 29 March (water temperature 13°C). No American Brook Lampreys were observed on 2 April (water temperature 10°C), but some apparent nests were present. In the South Branch Whitewater River near Crystal Springs, a straggler was observed in typical spawning habitat on 30 March (water temperature not available), but no American Brook Lampreys were observed on 2 April (water temperature 10°C). In Beaver Creek west of County Road 116, several spawning groups were present on 2 April (water temperature not available), and a video-recording revealed both typical mating and satellite male behavior (Cochran et al. 2008) . A single straggler was observed on 4 April (water temperature 9.5°C).
2002-2010 data
Spawning groups of American Brook Lampreys were observed on six occasions between 19 and 25 April, and stragglers were observed on three occasions between 10 and 27 April (Figure 1 ). Mean date of observed spawning was significantly different between 2002-2010 and 2012, regardless of whether stragglers were included (t = 8.857, P = 0.000) or excluded (t = 7.425, P = 0.013). Water temperatures were not always recorded when American Brook Lampreys were observed. However, during the period 2002-2010, spawning groups or strag glers were observed at water temperatures of 8°C-16°C (Figure 2 ). Mean water temperature was not sig nificantly different between 2002-2010 and 2012, regardless of whether stragglers were included (t = 0.289, P = 0.780) or excluded (t = 1.576, P = 0.176).
We collected adult American Brook Lampreys on the following dates and locations in southeastern Minnesota: on 6 April and 8 April 2008 at two locations in Trout Creek (Winona County) and on 21 April 2008 in Wildcat Creek (Houston County). We also collected adults on 25 April 2011 in three streams in the Upper Iowa River drainage basin (Beaver Creek, Staff Creek, and Upper Iowa River) just south of the Minnesota border in Howard County, Iowa. Despite the relatively late date, water temperatures in the Iowa streams remained relatively cool (9°C-12°C). At none of the locations in Minnesota or Iowa did we observe any indications that spawning had yet occurred.
Historical data
Our search of Winona newspapers yielded two accounts of brook lampreys associated with spawning. Both occurred in the 1950s at a time when concern about the Sea Lamprey (Petromyzon marinus) in the Great Lakes led to heightened awareness of native lampreys in other systems. One article (Anonymous 1950*) reported that trout fishers collected lamprey specimens averaging 17.5-20 cm in Beaver Creek (Trempealeau County, Wisconsin) and that lampreys had also been observed in Pigeon and Elk creeks. It was suggested that a "late spring" had resulted in lamprey spawning occurring after the onset of the trout fishing season. In a second article (Anonymous 1956*), a photograph of a specimen collected on 6 May 1956 in Pine Creek (Root River drainage basin, Winona and Fillmore counties) appeared with commentary that other reports had been received during the previous two weeks. American Brook Lampreys have been documented from the streams mentioned in both articles (Fago 1983; Mundahl and Sagan 2005) .
Eddy and Underhill (1974) reported that, prior to the disappearance of the American Brook Lamprey from the Credit River (Scott County, Minnesota) some time after the late 1940s, spawning occurred during the period 5-20 May. Finally, PAC was provided with American Brook Lampreys collected from spawning groups observed in the North Branch Whitewater River on 21 and 22 April 1988.
Discussion
Several factors must be considered when assessing the timing of phenological events. These include the effect of latitude and the contribution of year-to-year 206 THE CANADIAN FIELD-NATURALIST Vol. 126 variability in climate. Finally, consideration of phenological phenomena in modern times must be placed in the context of climate change (e.g., Bradley et al. 1999) . Reproduction by fish species that spawn in the spring tends to occur later at higher latitudes. For example, the Slimy Sculpin (Cottus cognatus) spawns three to four weeks earlier in streams in Winona County (Majeski and Cochran 2009) than it does in a stream approximately 100 km to the north in Washington County (Petrosky and Waters 1975) . Similarly, the American Brook Lamprey in Winona County spawns most often in late April (Mundahl and Sagan 2005;  this study) but has been reported to spawn in early to mid-May approximately 85 km to the north in Scott County (Eddy and Underhill 1974).
The American Brook Lamprey has been reported to spawn in early March at the southern edge of its geographic distribution and as late as mid-June in the north (Table 2) . However, our observations indicate that the range in spawning time among years within southeastern Minnesota encompasses over half the geographic range in spawning time.
Our limited data provide no evidence that climate change has resulted in the American Brook Lamprey spawning earlier in the spring in our region. Some early historical observations of spawning relatively late in the spring (May) are either confounded with the effect of latitude (Eddy and Underhill 1974) or are explicitly associated with a year with a "late spring" (Anonymous 1950*). Nevertheless, our observations that the American Brook Lamprey can spawn as much as a month early in a warm year suggest that this species has the capacity to respond to a climate shift. Bradley et al. (1999) distinguished between species for which phenology is regulated by photoperiod and those that are regulated by temperature. Our data suggest that the timing of spawning by the American Brook Lamprey is responsive to water temperature. This is consistent with data for other lamprey species. For example, Cochran and Marks (1995) reported that the Silver Lamprey (Ichthyomyzon unicuspis) was captured during its upstream spawning migration earlier in warmer years. For both species, variability among years was greater with respect to day of year than with respect to temperature.
The American Brook Lamprey in southeastern Minnesota is found in streams that range from spring-fed, cold water streams (e.g., Beaver Creek in Winona County) to warm water streams fed to a greater extent by surface runoff (e.g., the Upper Iowa River). To the extent that streams fed primarily by groundwater are more resistant to the thermal effects of periods of extreme air temperature, there may be variability among streams in corresponding shifts in spawning time within years. In addition, Trautman (1981) 
